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Abstract 
By using a 78-bar space truss, the configuration and properties of a linear active structure are studied experimentally, 
and the experiment technique for constructing an active structure is practiced in this paper. An active truss is 
constructed by using piezoelectric stack actuator and adopting linear quadratic optimal control approach for coupling 
mode space. The modal shapes and modal parameters are measured for active truss and passive truss respectively on 
dSPACE plate of hardware-in-the-Loop simulation system. In addition, the transfer function of the active truss is 
measured when it is under a random excitation. It is shown that the damping of an active structure increases as a 
result of the control means introduced. Meanwhile, difference of the mode is much great between the passive truss 
and the active one because the mode of the bar is controlled nearby the piezoelectric actuators. 
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1. Introduction  
The study object of the classic structure dynamics is passive structure on which is not exerted by 
control. When control devices or smart material are introduced into it with the application of control 
function, the passive structure is changed into the active structure. The active structure is generally called 
active system. With the rapid development of adaptive structures, controlled structures and smart 
structures, there will be more and more kinds of the active structures. Particularly, a lot of specialized 
studies on the active structures will become a new knowledge branch in the field of the structure 
dynamics. 
  In recent years, research in active structures mainly focused on the control law, intelligence effect 
and configuration of sensors and actuators [1-6]. Premont’s research [7] on active structures just 
considered the movement of zeros and poles of the structure under various control laws, but did not 
include variation in dynamical attributes of the active structure under the influence of excitation. A few of 
studies on dynamical properties have been implemented. The basic dynamical attribute of an active 
structure is a major index to testing system performance, also the object function in active structure 
design. Therefore, it is necessary and significant to study the basic dynamical attribute of active structures.  
Some basic concepts were developed, basic dynamics problems summarized and modes explained for the 
linear active structure by Zhang [8]. The stability of an active discrete system and active beam was 
analyzed in the example, as well as orthogonality conditions were developed [9]. The orthogonality 
conditions for active plate and its adjoint structure were presented [10]. However, the above researches 
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are theoretical and numerical stimulation. In this paper, relation and difference between the passive truss 
and corresponding active truss are analyzed based on a trial of an actual truss. Moreover, the variety of 
attributes is studied after the passive truss is changed into active truss due to control devices introduced to 
it, as well as that of being imposed by control means. 
2. Active mode of discrete structure  
In finite element method, we can obtain a discrete mathematics model with finite degree of freedom 
for a truss. In order to characterize the active mode of the truss, here is a discrete system expressed by the 
active model, i.e. 
vFuFQxxCxM vu      (1) 
  kyu    (2) 
  xFy y   (3) 
                    yu FFkJ ,,min   (4) 
where, nRx denotes response displacement and CM ,  and nnRQ u denote the mass matrix, damping 
matrix and stiffness matrix of the passive truss respectively. mRu  denotes the control input of the 
structure. If the dimension of u  is force, mnu RF u  is position matrix of control input. k  is the 
feedback gain matrix. v  is the vector of exciting force. 
vF  is position matrix of exciting force. 
lRy  is 
displacement measurement while nl
y RF
u  is measurement position matrix. J  is the object function 
which has different definitions in different control laws, but the paper mainly concerns the control laws 
that cause linear active structures. Here the so-called n  degrees of freedom of the active structure are 
same with the degree of freedom corresponding passive structure.  
In the state space, Eqs. (1)ˉ(3) can be written as 
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If outputs are acceleration of nodes of the truss, Eq. (5) can be rewritten as 
u vZ AZ B u B v
u ky
y CZ
  
 
 
   
 

 
Let , , ,X Z u u v v Y y          , then  
                 u v
X AX B u B v
u kY
Y CX
  
 
 
  
   (6) 
where 0 yC Fª º ¬ ¼ . 
From Eq.(6), the close loop equation of the active truss can be derived 
( )u vX A B kC Z B v      (7) 
Substitute Eqs. (2) and (3) into Eq. (1) to get dynamic equation of the active truss as, 
( )u y vM F kF x Cx Qx F v        (8) 
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The transfer function of the passive and active truss can be concluded from Eqs. (1) ~ (8), denoted by 
pH  and aH  as followed: 
2 1( )pH Ms Cs Q      (9) 
2 1[( ) ]a u yH M F kF s Cs Q
      (10) 
Eq. (10) can also be written as  
2 1( )a p pu yH I H F kF s H
          (11) 
Eq. (7) indicates that corresponding eigenquations of the active structures are various when various 
control means are used to the passive structure, leading to various dynamics properties of the active 
structures. The modal parameters of the passive structure can be estimated from measurement of the 
transfer function of the active structure from Eq.(11). The results can be applied to the vibration 
environment test.  
 
Figure 1. a space truss with 78 bars                         
Taking the 78-bar in Fig.1 which is as a beachmark truss in experiment as an example, if the bar 
between nodes 19 and 22 and the one between 24 and 25 are replaced by two piezoelectric stack actuators, 
as result the passive truss changes an active one. Then the variation of the first four eigenvalues 
calculated by Eq. (7) is shown between the passive and the active truss in Fig.2. It can be found that there 
is an excursion to the left in the complex plane for eigenvalues after a control plan is imposed on the truss. 
The relationship and difference of the transfer function is shown between the passive truss and its 
corresponding active truss in Fig.3. 
 
Figure 2. The locus of the first four eigenvalues for the truss. (The solid dots are the eigenvalues of the passive truss, and the 
pentagrams, diamonds, stars and crosses indicate the ones of the active under various control laws.) 
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Figure 3. Transfer function of passive (thin solid) and active (thick solid) truss 
3. Experimental study on beachmark truss 
A. Constructing an active truss                                      
An active truss is comprised of four main parts, as follows 
1) Passive truss (structure) 
This passive truss is comprised of 78 alloy-aluminum-angle-section bars with section area 
322020 mmuu , as shown in Fig.4. These bars constitute 6 cubic frames with mm230  long per side. 
Optional two bars are jointed together with bolts. Then the frames are assembled together to construct a 
cantilever beam. Masses weighing kg15.0 are placed on node 17, 18, 21, 22, 25 and 26 (see Fig.1 for 
node numbers) in order to tune the inherent frequencies of the structure. The density and Young’s 
modulus of the bars is 3/2710 mkg  and Pa10102.7 u  respectively.  
2)  Actuator system 
In order to construct an active truss, two PZT-AM piezoelectric actuators are used to replace the bar 
between node 19 and 22 and the one between node 24 and 25 (see Fig. 1 for node numbers). These are the 
best positions to control the first four modes [11]. Moreover, in order drive actuators, the power amplifier 
is used that is home-made HVPA02 multichannel WV pp 200/260  high-current and high-voltage power 
amplifiers. 
3)  Sensor system 
In this experiment the Piezoelectric modal acceleration transducers are used for an feedback, which 
produced by PCB, high in sensitivity, wide in frequency range, broad in linear dynamic range, light in 
weight and small in size. Four sensors are placed at node 21, 22, 25 and 26 respectively.  
4)  Control system 
The dSPACE system is adopted as the controller. This is a hardware-in-the-Loop Simulation system 
based on matlab/simulink and developed by German dSPACE. The beachmark truss can be modeled in 
matlab/simulink, and the model is then coded and directly downloaded into the controller for experiment. 
The control way in feedback will be presented in 3.3. 
The actual beachmark truss is shown in Fig.4. 
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Figure 4. Testing truss and shaker 
B. Comparison between active and passive truss 
Linear quadratic optimal control approach for coupling mode space is introduced because twoactuators 
are used for this test to be expected to control and study the first four order modes.  
In order to be compared with the active truss, the mode of the passive truss is tested and analyzed at 
first. The first four order modal parameters of the passive truss are showed in Table 1 gotten in the testing. 
The first two order modal shapes are showed in Fig.6, of which the first order indicates vibration on z  
axis and the second indicates vibration on y  axis. 
A random excitation with frequency 20 Hz  and magnitude 5 N  is imposed on the z  direction of the 
node 15 of the truss shown in Fig.1 and Fig.4. One actuator is placed between node 19 and 22, and 
another one between node 24 and 25. The modal parameters of the active truss are shown in Table 1 and 
the first two order modal shape are shown in Fig. 8. It is shown that difference of the mode is much great 
between the passive truss and the active one because the mode of the bar is controlled nearby the 
piezoelectric actuators.  
TABLE I. Testing value of mode parameters of the truss 
 
Mode 
Passive truss Active truss 
damping
˄ˁ˅ 
frequency
˄Hz˅ 
damping
˄ˁ˅ 
frequency
˄Hz˅ 
1 0.26 26.47 0.618 76.24 
2 0.38 33.79 0.981 87.13 
3 0.30 82.00 0.487 124.44 
4 0.29 94.34 0.451 146.10 
The transfer functions of the passive and active trusses are shown in Fig. 7. 
 
a) The first modal shape; 
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b) The second modal shape 
Figure 5. The first two order modal shapes 
 
Figure 6. The transfer function of the truss. (Thin solid line is for the passive, thick one for the active.) 
 
a)e first order modal shape; 
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  b) The second order modal shape 
Figure 7. The first two order modal shape of the active truss 
4. Conclusion 
Experiment of configuration for an active structure is studied based on testing a 78-bar space truss in 
this paper.  
At first the experimental mode analysis is studied for the passive truss for two purposes that one is to 
compare the properties of the passive truss with that of the active one and the second is to construct an 
active truss based on selected control and measure position by the experimental mode of the passive truss. 
Under given control law, an active truss is constructed, the active modes are measured, as well as 
differences and relations are analyzed between active and passive mode. 
The experiment technique is practiced for constructing active structure and analyzing the properties of 
active structure. In order to design the active truss with well performance, the active mode of the truss 
need be reasonably collocated, which relate to the property of the controller, the amount of nodes and 
position for controland measure, and control algorithm, etc. In this paper only active structure is studied 
that is constructed with piezoelectric stack actuator and couple mode control algorithm. Above various 
problems need be farther studied. 
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